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Description 



TECHNICAL FIELD 
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The present invention relates toa formation measuring method to identify unevenness of transmrtted light on oaoer 
as a plane image and to evaluate the property and the quality of the paper so as to control quality improvement and 
also relates to a formation control method using said formation measuring method. 



BACKGROUNDAFfT- 



Quality of paper formation (minute uneven thickness) indicates the degree of fiber variations in paper sheet Gen- 
erally this has been checked by placing a sample sheet on an inspection box accommodating a light source lo visuallv 
examine transparency distribution of the sheet. >-= lu viaudiiy 

Tills method which is widely used in factories, is rather of subjective nature and results of the Inspection varies 
« according to each inspector since sufficient knowledge and long experience are required for such insp«:tion 

mp,r°.n ^ ^^""^ ^'^ ' "^^^ cle^otoped and is practically used. This tomia.ion 

meter comprises upper and tower heads band c above and bek>w the running papera to be measured, the tower head 
c accommodating a light source d such as laser connecled to an electric power source and a mirror f for irradiating the 
light from said light source d onto the paper a. The upper head b accommodates a photocell j for receiving the light e 
20 which has passed through said paper a via a mirror g, a filter hand a lens 1 gineiignie, 
The light a from the light source d is irradiated on the paper a through the mirror f ; the light e passing through the 
paper a enters the photocell j through a mirror g, a filter h and a lens i and is converted to voltage and is outputted As 
shown in Fig. 2. the voltage value is indicated as fomiation index relative to the lime ouipuneo. as 

2* index by judgment of an inspector to obtain better formation. 

DISCLOSURE OF INVENTION 

In the above-mentioned formation meter, however, the diameter of the light e irradiated from the light source d to 
the paper a IS about 1 mm and any fluctuation of transmitted light level is detected as flock size through one^imensional 
processing of the transmitted light signal. Although the formation of the paper a is converted to numerical value the 
sample for ludgment is too small to make total judgment lor accurate identHication of the formation as judgment through 

numan vision. ^ 

In the control of the fomiation. J/W ratio is adjusted only by trial and error Because of the control being based on 
measurement results by the above-mentioned formation meter, which does not necessarily reflect the total conditions 
improvement of the paper quality is rather difficult, 

The present invention was made to overcome such disadvantages of the prior art and will provided a formation 
measuring rneihod tor more accurate evaluation of the formation objectively not as point but as plane The present 
invention will further provide a lormation controlling method lor efficient improvement of paper quality according to 
results of measurement by the formation measuring method. ly accoraing to 

nK^JT"' •'^■^•^l-^ ^5°^ represents further prior an. This document discloses a method of controlling the basis 
weight of the paper web in its widthwise directton. Also prior art is document US-A-4760271 : this disctoses the features 
set out in the preamble to the independent claims. 

According toa first aspect of the present invention a formation measuring method is characterised by those features 
set out in the characterising portion of Claim 1 . 

According to a second aspect, a formatton measuring method is characterised by those features set out in the 
characterising portion of Claim 2. luioa obi ouun ine 

The invention also extends to a formation control method. 

Fig 1 is a view showing an example of conventional formatton meters; 

Fig^ 2 is a diagram showing the relationship between lime and fomiation index as obtained by the formation meter 
in Fig 1 ; 

Fig. 3 shows an embodiment of the fomiation measuring method ol the present invention as well as the lormation 
controlling method using said formation measuring method; 

Figs. 4(a). 4(b). 4(c). 4(d) and 4(d') are views to explain the image processing on a display unit- 
Fig. 5 IS a schematic illustration of the relationship between windows and pixels on the display unif 
Fig. 6 IS a view to explain the image in the case where frequency analysis is performed on the pixels which constitute 
the image; 
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Fig. 7 is a diagram showing results of Uoquancy armlysis; 

Figs. 8(a). 8{b), 8(c). 8(d) and 8(e) are to explain a variation d image processing on image display in the tormatton 
measuring method ot the present invention; 

Fig. 9 is a general side view showing sites of installation of formation meters each comprising stroboscope and 
5 camera; 

Fig. 10 is a variation cun/e diagram showing the relationship between camera aperture and formation factor: 
Fig. n is a diagram showing a membership function obtained on one of the formation factors; 
Fig. 12 is a diagram showing how to obtain the center of gravity by synthesizing the membersh^ functions to the 
variation curves of a plurality of formation factors: 
10 Fig. 13 is a side view of wire part ot a paper machine; 

Figs. l4(i)..U{ii), 14(iil), 14(iv). 14(v) and 14(vi) are to explain the procedure to detemiine the change of J/W ratio 
according to the formation factors: 

Fig. 15 is a flow chart of an example ot the formation controlling method using the formation measuring method 
of the present invention; 

'5 Fig. 1 6 shows an arrangement of another embodiment comprising a plurality of cameras with different visual fields: 

Fig. 17 is a lateral sectional view of a fomiation meier which grasps or catches images in wide and narrow visual 
fields; 

Figs. 1 8(a) and 1 8(b) are variation cun^e diagrams showing the relationship between J/W ratio and formation (actor 
A; 

so Figs. 1 9(a) and 1 9(b) are membership function diagrams showing the relationship between J/W ratio and evaluation 

values for formation factor A; 

Fig. 20 is a wide-narrow visual field membership function diagram obtained by overlapping Figs. 19(a) and 19(b): 
Figs. 21 (a) and 21 (b) are variation curve diagrams showing the relationship between J/W ratio and formation (actor 
B; 

?5 Figs. 22(a) and 22(b) are membership function diagrams showing the relalbnship between J/W ratio and evaluation 

values for formation factor B; 

Fig. 23 Is a wide-narrow visual field membership function diagram obtained by overlapping Figs. 22(a) and 22(b): 
Fig. 24 is a general membership function diagram obtained by overlapping Figs. 20 and 23; and 
Fig. 25 is a flow chart showing the flow of coarse and fine controls. 

30 

BEST f^ODE FOR CARRYING OUT THE INVENTION 



In the following, embodiments of the present invention will be described in connection with the drawings. 

Figs. 3. 4 and 5 show an embodiment of the present invention in which disposed on one side of the paper 1 to be 
measured is a light source box 2a accommodating a light source 2 such as source of parallel beams having variable 
light quantity Arranged on its opposite side is a camera box 3a which is movable in widthwise and vertical directions 
of the paper i relative to the rail 3c. The camera box 3a accommodates a camera 3 having zooming function and with 
an automatic aperture control device 3b to make up a lormation meter 50. A CCD (charge coupled device) frame 
accumulation mode camera or its equivalent is used as camera 3 of this embodiment in combination with a stroboscope 
2.. The camera 3 is connected through a cable 4 with a computing element S for image processing having a display 
unit 6. The camera 3 is further connected with another cisplay unit 7 through a cable 8 so as to permanently display 
transmitted light image of the paper 1. The computing element 5 for image processing is connected with the automatic 
aperture control device 3b through a cable 40 so that a control signal from the image processing computing element 
5 is inputted to the automatic aperture control device 3b to perform automatic control of the aperture. 

To the image processing computing element 5. a (uzzy control device 110 comprising a control computer 100 and 
a controller 101 for control is arranged for the controlling purpose. The image processing computer element 5 is con- 
nected with the control computer 100 through a fomiation signal line 102 and a control signal line 103. The computer 
100 is connected with the controller 101 through communication lines 104. Further, connected with the controller 101 
through the control signal lines 105 are an actuator for changing a ratio of the speed of jet injected from a betow- 
meniioned head box 10 in Fig. 13 to the wire speeds of bottom and top wires 1 2 and 16. an actuator for changing the 
angle of foils 14 and the like. 

Since the paper 1 to be inspected is of considerable size, a portion of the paper to be picked up by the camera 3 
as sample (10 mm x 10 mm or more) is to represent all features of the paper 1 and include an apparent steady area 
or area where quality of the entire paper i can be judged by inspecting this area. 

During measurement, adjustment is made such that an adequate quantity of transmitted light is obtained from the 
light source 2 according to the thickness of the paper 1 . As to adjustment of aperture of the camera 3. description will 
be grven later A signal representative an image entering the camera 3 enters the display unit 7 and forms an image 
9a of transmitted light on the paper 1. On the other hand, the image signal entering the image processing computing 
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element 5 is displayed on the display unit 6 as an image 9 in Fig. 4<a) showing an area by which the quality of the 
entire paper 1 is determinable. On the screen, the concentration of holes and the like is displayed thinner (lighter) than 
average and ovenwetghted portions with dust and the like attached thereto are displayed denser (darker) than the 
average. 

On the image 9, a predetermined number of windows . Wg. .... Wj^. .... are set which have an area by about 
two times as large as the average size of hole or the minimum size of flock peculiar to paper as a variance calculation 
unit (Fig. 4(b)). Tile size and number of the windows can be selected according to the grade, finish or the like of paper. 

In^he.casejwhere^fDixe^^ is contained by the quantity o1 = n x m (n = 4 and m = 5 in the 

example shown) in a window in Fig. 5, the density-(intensily) of the pixels-in-line-i and.row^j in the k-th window is 

' expressed by C^^^. Thus, the average value of density C^vk 'n k-lh window can be calculated^?" 



n m 

15 E Z Cj^ij 

j-1 i = l 

CaVk = 

M 

The variance V.vk of the density in k-th window W„ {hereinafter referred as primary variance), i.e. the variation of 
density in a window \N^^ is calculated as (See Fig. 4(c)): 

2S 

n m 

I E (CaVk - Ci5ij)2 
j = l i = l 

VaVk = 



M 

Further, the average value of primary variance for all windows W,, Wj. .., Wfj is calculated: 



N 

2 VaVk 
k=l 



ay = 



N 



Based on the average value ay o( primary variance of all windows, the variance V„ of primary variance (or all winaows 
W,. W^, Wfc Wfj (hereinafter referred as secondary variance) is calculated: 

so 

N 

Z (av - Vavk)2 



N 
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And the resutts of the calculation are displayed (See Fig. 4 (d)). 

The average value ay of primary variance tor all windows expresses the macro variance on the screen. The for- 
mation can be quantitatively determined as the fornration tactor in relatively wide visual field (formation factor in the 
case where paper is not even. e.g. the paper having serious delect). In the evaluation in the final stage of control where 
the entire paper is uniform and formation is evaluated by microiudgment, the formation can be quantitatively deter- 
mined using the variance V^y (secondary variance) of primary variance of density for all windows as the fonnation factor. 

Further, in addition to the average value ay of primary variance for all windows and to the secondary variance V^y 
for all windows as a whole, the variance of average value Cay^ in the windows Wi, Wg W,( is calculated:" 



N 

Z CgVk 

k=l 

CaaV = 



N 



N 

VaaV = 



N 

and the results of calculation may be displayed (See Fig. 4 (d*)). The variance V^ay of average value of the densiry for 

30 each window expresses variance of average value of the density for each window expresses macro-variance of 
light and dark to average density on the screen and can be used as formation factor for quantitative determination of 
the formation when it is uniform as a whole and density is very uneven. 

It is needless to say that in this case formation may be quantitatively determined using a formation factor through 
combination of ay, Vg^y and Vgy according to object. 

35 Connected to the image processing computing element 5 are a data logger (not shown) for accumulating density 

datum for pixels of columns ai - a„ in bj-th row or rows bi - b^ in a,-Xh column composing the image 9 displayed on the 
display unit 6 as shown in Fig. 6 as well as an analyzer (not shown) for pulling out data from the data logger to grasp 
them as changes over time for frequency analysis. Alternatively the data accumulated in the data logger is processed 
by analysis software. Thus, judgment may be made whether the pulsating component is present or not in the paper i 

40 according to results of frequency analysis in longitudinal direction (along length of the paper 1 ). Frequency analysis rn 
lateral direction (along width of the paper 1) may be nrade using stroboscope as the light source 2 unlike conventional 
way of transmined light being caught by spot, so that features corresponding to the flock can be expressed, reproducing 
the density ol fomiation with high fidelity. Accordingly whether the formation is pulling formation or pushing formation 
can be easily judged. Pulling formation is the status where flock is extended in form of lines while pushing formation 

•^5 is the status where flock is in form of scales. In Fig. 7 with average density taken on ordinate and frequency on abscissa, 
the ideal formation is shown by two-dot chain line while pulling formation is given by solid line and pushing formation 
by broken tine respectively 

Figs. e(a) • 8(e) show the variations in display ol the image in the formation measuring method of the present 
invention. For more clarification of the image 9 displayed on the display unit 6, three-value image processing is per- 
so formed, expressing the density by three steps of 'dense', 'moderate' and 'light' to display the image 9' as shown in Fig. 
8(b). The ratio of the sum ISy of areas 30 with maximum transmitted light on said image 9' to the total area S, i.e. void 
ratio Vg is calculated as: 



Vy = -^X100 (%) 

The ratio of the sum IS^ of areas 31 with minimum transmitted light on said image 9' to the total area S. i.e. ovenweight 



5 



ratio K is calculated as: 



EP 0 428 751 B1 



IS 

K = — ^XIOO (%) 
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and displayed (Fig. e (c)). Tlius. the fomiation of the paper i is quantitatively determined. If necessary, apparent defects 
_J^^>^^^lo^^^r^a^isiBcxor^ portions of the image 9 are displayed as enlarged image 9- as shown 17^ 
8(d) Which ,s ,rnage.processed-with-expression-of the density in-three.6teps-so.that.enia^^ 

displayed, which in turns Is used as material for identification of the cause of the formation ' ~ 

in the example shown in Figs. 8(a) - 8(e), plane information can be obtained by image processing with features 

of the paper 1 emphasized. Above all. holes, dust and the like which are not assessable in the past cHe de^c ted 

in earlier stage, thus contributing to improvement of quality and enhancement of productivity. Also, most satisfactory 

part or most unsatisfactory part of the image can be picked up and easily analyzed 

The foirnation meter comprising the light source 2 and the camera 3 used in the fomnation measuring method as 

described above may be installed in any cite such as wire part, press part, dryer pan. calender part and like in Fig 9 
Now. to determine the aperture of the camera 3 will be described 

One of the formation factors obtained above such as theaveragevalueav of primary variance of density.secondarv 
variance V,v of density, variance V„v of average value of density, analytical specification of frequency in lateral di- 
rection and hole specification is named A. other as B. and still other as C. ... Values of formation factors ABC are 
obtained with the aperture of the camera 3 being changed at constant intenral as shown in Fig. 1 0. Results are variation 
curves having maximum or minimum values (maximum shown in the figure). Each maximum point a,, b, c, of the 
curves most typically represents the features of the formatwn factors A, B.C respectively ^ ^ ^ ■ • 

Through tfie data processing of each of the variation cunres of the formation factors A. B. C .... membership func- 
tions ,n trangular or rod-like form as shown in Fig. 11 (only the membership function A' related to formation (actor A is 

func^i^c a' Tr ".f "k. "^'"^ °' ""'"9 ^"'►'^s^ing ^ of the membership 

functois A . B . . thus obtained, a center of gravity X (center of gravrty of the area) is obtained as g^^en in Fig 1 2 
This point X IS the aperture of the camera 3. ^' 

^ipnTn! T"^'^ ^ =°"trol Signal from the image processing computing 

element 5 to the automatic aperture device 3b so that the aperture will be equal to the value thus obtained 

in,nr^.r ^^.T ""^r^ ^^""'^ '^^ '^"'^'^ ^ ^" '^^ automatically selected so that the most characteristic 
informal, on of the sample can be obtained. Accordingly, lom^tion can be measured more accurately causing no In- 
dividual difference in measurement results. u m 

Thus, it is possible to quantitatively detemiine the formation as plane, not as points like the prior art. and to evaluate 

Useofstroboscopeasthelightsource2willmakertpossibl6toapplythefom.ationmeasuringmethodasdescribed 
above riot only to off-line operation but also to on-line operation with high speed (1 500 m/min. or so) and high basis 
weight (basis weight: about 300 g/m^). > j a >u myn oasis 

Advantages in the use of stroboscope as light source 2 are as follows: 

(1 ) There is less deviation of screen during high-speed on-line measurement and no trouble occurs on the analysis 
of pixels on the screen due to the deviatkjn on screen. 

(2) When shunering the camera, density can be expressed in three steps of -dense", 'moderate' and 'light' to clearly 
define the image up to the analysis of three-value imaging; but it is not suitable for detecting slight density such 
as formation rneter. Combination of stroboscope with non-shuttering camera is more suitable for high-speed pho- 
tographing to detect the density ^ 

(3) Because high light quantity can be easily obtained by stroboscope (pulse light source), (a) the aperture of 
camera can be reduced during photographing, which minimizes the influence of disturbance, and (b) even thicker 
paper can easily transmit light. ^ ' 

(4) There ,s speed limit in using mechanical shuttenng whereas, needless to say combination of stroboscope with 
electrical shuttering enables photographing of image at higher speed. 

.nd mt'fl!?/ li^L^'^^ ^'"^^a ««t iniage can be photographed by stroboscope 

and the image signal can be equally incorporated. 

Next description is given on the method for controlling fomiation through application of the concept of membership 
unction based on the formation factors obtained by the above fomiation measuring method (See R. Lakawa 
cept ot Fuzzy Computer'; November 10. 1988. 3rd print; Kodansha). 
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The control is performed through fuzzy control unit nO comprising the control computer 100 and the control ier 
101 in Fig. 3 based on the fomiatbn factors obtained by the image processing computing element 5. 

Fig. 13 is a side view showing the wire part of a paper machine, where 10 represents a head box; li . a oreasi roil. 
12, bottom wire; 1 3, a forming board; 14. foits; 1 5. a wet suction box; 16, top wire; 17 and 16. deflectors; 19. a suction 
box; 20 and 21 , showers to wash off dust attached on bottom wire 12 and top wire 16; 22 and 23, automatic valves for 
adjusting quantity ol water from the showers 20 and 21 ; and 24. fett J/W ratio (the ratio of jet speed injected from ihe 
head box 10 to the speed of bottom and top wires 12 and 16), angles of the foils 14 at an initial drainage area 25. 
pushing degrees of the deflectors 17 and 18 at a bottom secondary drainage area 26 and at a top secondary drainage 
area 27 are changed respectively according to the formation factors obtained by the above fomoalion measuring meih- 
od. Suction quantity of the suction box 19 and openings of the automatic valves 22 and 23 of the showers 20 ana 2i 
are changed if necessary. 

Based on experimental data performed in advance, membership function curves are obtained in advance as snown 
in Figs. 14(i) • 14(v): five membership functions curves for formation - Mg to specify the quality of the paoer 1 in 
five steps of 'worsr, 'barf, 'normal', 'good* and 'best' from the degree (ordinate) corresponding to formation factor (ab- 
scissa) of the paper 1 and five membership function ounces for control M^^ - and Mn, - M55 to the corresponding 
degree (ordinate) to the changes (abscissa) of J/W ratb (only increase or decrease of wire speed in this case) in 
response to each of the membership function curves f^, - Mg to specify the quality of the paper 1. 

Degree of matching at intersections of the lormalion (actors of the paper l obtained by the formation measuring 
method with each of the membership function curves - M5 to specify the quality of the paper 1 is obtained. In 
correspondence to each of the matching degrees, results of J/W ratio changes are obtained from the respective mem- 
bership function cun^es M|a - Mg^ and M,^, - Mgb showing changes of the J/W ratio. Further, results of the estimated 
change of J/W ratio are overlapped and synthesized and final membership functions M^j, and f^Lb showing final esti- 
mated results of the J/W ratio change are found as shown in Fig. I4(vi). /Vbscissa component of either of the gravity 
centers of the final membership functions and M^t where the area surrounded by final membership function 
ordinate or M^t ordinate and abscissa is halved is used as increment or decrement of the actual wire speed, determining 
actual change of J/W ratio for control of J/W ratio. 

Fig. 14 shows a case where the formation factor is 35. Since ordinate component (matching degree) of the inter- 
section with the membership function curve showing 'worst' of Fig. 14 (i) is about 0.25, the head of the control 
membership function curve M^^ or to 'extensively increase' or 'extensively decrease' wire speed by extending the 
line horizontally from the intersection is scraped off at about 0.25 of the matching degree and only hatched ponion is 
adopted as estimated result of increment or decrement of the wire speed. Also, since ordinate component (matching 
degree) of the intersection with the membership (unction curve showing 'bad' of Fig. 14 (ii) is about 0.75. the line 
from the intersection is extended, the head of the control membership function curve Mga or to 'increase' or 'de- 
crease' wire speed is scraped off at about 0.75 of matching degree and only hatched portion is adopted as estimated 
result of increment or decrement of the wire speed. Further, since ordinate component (matching degree) of the inter- 
section with the membership function showing 'normal* of Fig. 14 (iii) is about 0.7, the line from the intersection is 
extended horizontally, the head of control membership function cun^e or Mg^ to fairly increase' or lairly decrease' 
the wire speed is scraped off at about 0.7 o( the matching degree and only hatched portion is adopted as estimated 
results of increment or the decrement of wire speed. Also, since ordinate component (matching degree) of the inter- 
section with the membership function curve M4 showing 'good' of Fig, 14 (iv) is about 0. 1 . the line from the intersection 
is extended horizontally, the head of the control membership function cun/e or to 'slightly increase' or 'slightly 
decrease' the wire speed is scraped off at about 0.1 of the matching degree and only hatched portion is adopted as 
estimated result of increment or decrement of the wire speed. Further, v^rith the formatbn factor being 35 in relation to 
the membership function curve M5 showing 'best* of Fig. 14(v), there is no intersection. Therefore, the matching degree 
to the control membership function curve or Mg^ to 'not increase' or 'not decrease' the wire speed is 0, 1 e it is 
necessary to increase or decrease the wire speed. Accordingly, with the formation (actor being 35 or so. overlap and 
synthesis of the estimated results lead to the center of gravity being located between 'fairly increase' and 'increase' or 
between 'fairly decrease' and 'decrease' where matching degree is relatively high as shown in Fig. 1 4 (vi) and increment 
or decrement of wire speed is determined. For the judgment on whether to increase or to decrease the wire speed, 
one of the centers of gravity (e.g. the center ol gravity to decrease) is adopted from the final estimated result, in the 
case where improvement of formation is noted (i.e. the difference between the formation factor before the control and 
Ihe lormation factor during the control is positive), control is performed to decrease the wire speed. In the case where 
improvement of formation is not noted (i.e. the difference between formation (actor before the control and the formation 
factor during control is negative), control is perf onned thereafter in the direction to increase the wire speed. Thus, mote 
efficient control can be achieved. 

In this way. by adopting the fuzzy theory using membership functions, it is possible to perform not on-off control 
but mild control without giving radical change on the paper l. 

When J/W ratio is changed in this way and no further improvement of formation is found by the repeated change 
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Of J/W ratio as dicwn in Fig. 1 5. the tonmatlon is improved by sequential control such as change of foil angle or change 
of deflector pushing degree using the membership functions as in the case of the J/W ratio changes in Figs 1 4(i) - 1 4(vil 
In controlling the J/W ratio, it is possible to increase J/W ratio in the case of pulling formation and to decrease J/ 
J" T^T^. ""''^"^ """"ation, using the results of frequency analysis (i.e. whether the formation .s pulling 
efficierHU ^"^'^^ °' '^^ ^^"^ '^'^"^ ^° """^ ^^"^ '^^^^ 

• '.IJ* """""^ '° """"'^ '"^ ^"^'^ ''"'"9 '^^'"^'^ 3 a'0"3 'he rail 3c in Fig. 3 to widen 

vjsual field of the camera 3 at the starting of measurement. The v«ual field of the camera 2 is gradually narrowed down 
by mov,ng-down-the^«mena 3 along me-rail-3c as the forniationJs b^ control method after 

starting he control. When the formation is substantially stabiltjed and the control is almosl^^n^^iii^^l^i^^S^^i^,^ 
may be lilted up again along the rail 3c to return to the initial large visual field for monitoring 

This conuibutes to the frne control of the formation and is useful to cope with changes of external conditions such 
as change of raw matenal condition after the formation is stabilized. 

Fig. 1 6 shows another embodiment of the changed visual field in which automatic aperture devices 3b-l and 3b- 
2 are incorporated. A plurality of (two in the figure shown) cameras 3-1 and 3-2 accommodated in camera boxes 3a- 
1 and 3a-2 are arranged on one side of the paper 1 . and the light sources 2-1 and 2-2 accommodated in light source 
boxes 2a-1 and 2a-2 are arranged on the other side to make up a fomation meter SO". It is preferable to dispose the 
cameras 3-1 and 3-2 in the feeding direction ol the paper 1 . 

Before starting and after completion of the control, the image is caught by the camera 3-2 with wider visual field 
and Its signal is sent through the cable 8-2 to the display unit 7 and through the cable 4-2 to the image processing 
computing element 5. When the fomiation is improved after the starting of control and requirements forjudging fine 
variance can be met^changeover to the camera 3-1 with narrower visual field is effected. Its signal is sent to the display 
umt 7 through the cable 8-1 and to the image processing computing element 5 through the cable 4-1 for further process- 

Although a plurality of cameras are required for such procedure, Ihe cameras need not to be moved for change 
Of visual leld and may be fixed. The visual field can be quickly changed simply by switching over the plural cam^as 

Fig. 1 7 shows a fomiation meter 50' in which images in wide and narrow visual fields are concurrently caught by 
rl"lT f v»"al fields and each of these Images are introduced to the image processing 

computing element 5 (Fig. 3). In this formation member SO', support stands 71-1 and 71-2 are installed verticail? 
movab^ along the raite 3c-l and 3c-2 fixed in a upper main body frame 60 by drives 72-1 and 72-2 such as li2 
motors The support stands 71 -1 and 71 -2 have thereon cameras 3-1 and 3-2 such as CCD (charge coupled device) 
frame accumiNation mode cameras having automatic focusing function as well as automatic aperture devk:es 3b-1 
and 3b-2. Further, light sources 2-1 and 2-2 such as parallel light sources with variable light quantity or stroboscopes 
are placed in a lower mam body frame 61 opposedly to the above cameras 3-1 and 3-2 

When measurement is perfomied on on-line basis in the formation meter SO", the paper 1 on the line is fed between 
upper and lower mam body frames 60 and 61 and images by transmitted lights from the light sources 2-1 and 2-2 and 
coming through the paper 1 are caught by the cameras 3-1 and 3-2. On Ihe other hand, in the case where measurement 
IS performed on off-line basis. Ihe paper 1 as sample Is set between the upper and tower main body frames 60 and 61 
and images by the transmitted light from the light sources 2-1 and 2-2 and coming through the paper 1 are caught by 
he cameras 3-1 and 3-2. The image from the light source 2-2 caught by the camera 3-2 is in wide visual fiekJ while 
the image from the light source 2-1 caught by the camera 3-1 is in narrow visual field. Connected to the fomiation 
rneter 50 Shown in Fig. 17 are the image processing computing element 5 and the fuzzy control unit 110 similar to 
those in Fig. 3. though not shown in the figure. 

Figs. 1 8 to 24 show a procedure to control the fomiation by obtaining optimal value of J/W ratkj, using the formation 
meter 50 shown in Fig. 17. Description is now given in detail on this procedure. Range ol the J/W rato change is set 
to a predetermined range (e.g^O.90 - 1.10) and the range of the change is equally divided (e.g. into 10 equal parts) 
For the paper 1 with J^ ratio being set to a predetemiined value (e.g. 0.90). images are caught by the lights from the 
light sources 2-2 and 2-1 passing through the paper 1 by the cameras 3-2 and 3-1 in wide and narrow visua^elds 
respect«/e y Based on each image, the formation factors A and B are obtained by the image processing computing 
element S from average pnmary variance a, of density secondary variance of density V„. variance of the average 
value of densrty, frequency analysis specification in lateral direction and hole specification. By theTame procedure 
the formation factors A and B are sequentially obtained lor the paper 1 in the case where the range of the JW ratio 
change is equally divided. As shown in Figs. ie(a). 18(b), 21(a) and 21(b), variaUon curves L.,. U, and U, 
Showing the relationship between JAW ratio and the fomiation factors A and B in wide and narrow Cfsua^ fieWs a?l 

f°actora C d"^ ^'^ "°' "'"''^'^ '° * °' ^ """"" ""^^ ""'^^^ 

Then, by the fuzzy control unit 110. in each of the above variation cun^es L^,. L«. L^, and 1^,, the area from 
lower to upper limit of Ihe formation factors A and B is for example equally divided into three parts frf the direction ol 
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ordinate to 'good area', lair area' and tad area'. Evaluation values for these good, (air and bad areas are set to i.O. 
0.5 and 0.0 as shown in Figs. 19(a). 19(b). 22(a) and 22(b) to obtain membership functions M^v M^, Mgi and Mgj 
showing the relationship between J/W ratio and evaluation values in wide and narrow visual fields. 

Next, the membership functions M^, and are overlapped to obtain wide-narrow visual field membersmp lunc- 

5 tion Mp^^2 3S shown in Fig. 20 for the formation factor A through adoption of only a portion where the above two functions 
overlap each other. The membership (unctions Mgi and Mgj ^® overlapped to obtain wide-narrow visual field mem- 
bership function hAQ^2 as shown in Fig. 23 for the formation (actor B through adoption o( only a portion where two 
functions overlap each other. Further, the above wide-nan-ow visual field membership (unctions f^^ia and Mg^j af© 
overlapped with each other io obtain overall membership (unction M as shown in Fig. 24 through adoption of only a 

10 portion where two functions overlap on each other. The center G ot gravity of the area surrounded by this overall 
membership function M is obtained and is selected as optimal J/W ratb. J/W ratio is controlled to become the optimal 
J/W ratio. Alternatively, the membership (unctions M;^, and Mg, may be overlapped with each other. 

By the same procedure, center ot gravity is obtained from overall membership (unction for initial drainage by foils 
and the initial drainage control is performed so that (oil angle takes optimal value. AlsO: tor finishing drainage by de- 

'5 fiector. center of gravity is obtained from overall membership function and the finishing drainage is controlled so thai 
the deflector pushing degree and angle take optimal values. 

Above all. in the case where there are two or more deflectors as drainage elements in the finishing drainage, 
membership (unctions are obtained by changing combination of pushing degree with angle and optimal values ol 
pushing degree and angle are obtained for each deflector. Also, in the case where there are two or more foils in the 

20 initial drainage, membership functions are obtained by changing combination of angles of each foil and optimal value 
of angle is obtained for each (oil. 

Thus, membership (unctions are not prepared from the beginning in fuzzy control. But, control variables are re- 
spectively changed such as J/W ratio, (oil angle in initial drainage, deflector pushing degree and angle in finishing 
drainage and evaluation values (or each case are combined to generate an overall membership function. As the result, 

25 more reliable control can be achieved and production of various types of paper can be properly controlled. 

Further, because the cameras 3-2 and 3-1 are arranged (or different wide and narrow visual fields as sensors and 
the sample information is simultaneously obtained, formatkjns can be obtained both macroscopically and microscop- 
ically as numerical values and control ctoser to control by human visk)n can be accomplished^As described above, 
fuzzy control is performed for J/W ratio, initial drainage and finishing drainage. Then, the range of the change around 

30 the optimal value of J/W ratio is set smaller than the range of the J/W ratio change in the previous tuzzy control and 
J/W ratk) is sequentially changed within the smaller range of the change. By the same procedure as above, center ot 
gravity is obtained from overall membership function and J/W ratio control is performed so that J/W ratio takes an 
optimal value obtained from the center of gravity this time. Initial and finishing drainages are also controlled such that 
the foil angle and deflector pushing degree take optimal values obtained from center of gravity this time. 

3s Thereafter, watching is effected and continued unless any trouble occurs. When any trouble is detected such as 

decrease of formation due to external change including raw material conditions, control is restarted as described above 
(See Fig. 25). 

In Ihis way. range of the change ol control variables such as J/W ratio, foil angle in the initial drainage and deflector 
pushing degree and angle in the finishing drainage, etc. are initially set to large values for coarse control. After coarse 
40 control is completed, range of the changes of each of the above control variables is set to smaller values and fine 
control is performed. Thus, in the initial stage of paper-making, products with considerable quality can be produced by 
the coarse control with satisfactory yield and products of high quality with good formation are obtained by the fine control. 

Further, because the data obtained during fine control are accumulated, production of the same type of paper can 
be controlled later by only tine control. Reprocessing and rise-tip times can be shortened and waste of products during 
•^s reprocessing and rise-up operations can be eliminated. 



Claims 

1 . A formation measuring method compnsing picking up an image of transmitted light from a light source (2) on an 
area ol paper (1) by a camera (3) to display the image of the transmitted light on a display unit (5,7) of an image 
processing computing element, dividing the image of the transmitted light on the display unit into a predetermined 
size and number of windows, characterised by calculating an average value of intensity and a primary variance of 
intensity of each window from the intensity of each of the pixels in each of the windows, cafculating an average 
value ot the primary variance for all of the windows and a secondary variance of said primary variance lor ail of 
the windows and using the secondary variance for all of the windows as the formation facior. 

2. A formation measuring method comprising picking up an image of transmitted light from a light source (2) on an 
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area of paper (1) by a camera (3) to display the iniage of the transmitted light on a display unit (5.7) of an image 
processing computing element, dividing the image of the transmitted light on the display unit into a predetemitned 
size and number of windows, characterised by calculating an average value of intensity and a primary variance of 
intensity of each window from the intensity ol each ol the pixels in each of the windows, calculating an average 
value of the primary variance lor all of the windows and a secondary variance of said primary variance for all of 
the windows and using as the form factor one of. or two or more in combination of. the average value of the primary 
variance for all of the windows, the variance of average values of intensity ol each window and the secondary 
variance of said primary variance of intensity of all of the windows. 



A formation measuring method as claimed in claim 1 or claim 2 characterised by automatically changing an aperture 
of the camera (3) at a predetermined interval to obtain values of a plurality of formation factors at each apenure 
thereby obtaining a variation curve of each of the formation factors, calculating a membership function from each 
of the variation curves of the formation factors, synthesising each of the membership functions to obtain a centre 
of gravity thereof, thereby obtaining an optimum aperture, and automatically adjusting the aperture of the camera 
to the said optimum aperture. 

A formation measuring method according to claim V 2 or 3 wherein the light source (2) comprises stroboscope. 

A formation comrol method characterised by obtaining, based on experiments performed in advance a plurality 
of membership function curves to characterise the quality of paper (1) in a plurality of categories from 'worst' to 
'besf corresponding to fonnation factors, and a plurality of membership function cun/es for control corresponding 
to changes of J/W ratio, foil angle and deflector pushing degree: determin ing the degree of matching at intersections 
of the formation factors obtained by the formation measuring method according to claim 1 . 2 or 3 with each of the 
membership function curves to specify the quality of the paper (1), obtaining, in correspondence to each of the 
degrees of matching results of J/W ratio changes from the respective membership function curves showing chang- 
es of JAV ratio, overlapping and synthesizing results of estimated change of J/W ratio to find final membership 
functions showing final estimated results of J/W ratio change; determining the actual change of J/W ratio for control 
of J/W ratio based on the final membership functbn: repeating these procedures until no decrease of formation 
factor IS seen by the repeated change of J/W ratio; and determining tor control the foil angle and deflector pushing 
30 degree, respectively, in the same manner 

6. A formation control method according to claim 5. the method being iterated and in which the control membership 
function (s selected depending upon whether a difference between the formation factor in a last control and the 
formation factor in a current control is positive or negative. 

35 

7. A formation control method characterized in that at the commencement of measurement the entire formation is 
observed by raising a camera (3) along a rail (3c) to widen the visual field of the camera; the visual field ot the 
camera (3) being then gradually narrowed by moving the camera (3) down along the rail (3c) as the formation is 
improved; using a formation control method according to claim 6 or 6; the camera (3) being then raised up again 
to return to the initial large visual field for monitoring when the formation is substantially stabilised and the control 
is almost completed. 

8. A formation control method characterised in that a plurality of cameras (3-1 .3-2) are arranged at different distances 
from the paper; at the commencement of measurement, the entire formation is observed by one of the cameras 
(3-1) with a widest visual field; changeover to a camera (3-2) with a narrower visual field is then eflected as the 
formation is improved using a formation control method according to claim 5 or 6; and changeover back to the 
camera (3-1) with the widest visual field is effected for monitoring when the formation is substantially stabilised 
and the control is almost completed. 

A formation control method according to claim 5 or 6 characterised in that the density of the image in a lateral 
direction is frequency-analyzed to determine whether the formation is pulling or pushing: in the case of a pulling 
formation, the J/W ratio is increased, and in the case of a pushing formation, the J/W ratio is decreased. 

A formation control method characterised in that, with a J/W ratio being changed sequentially, an image of trans- 
mitted light from a light source on paper ( 1 ) is picked up by a camera (3) and is introduced into an image processing 
computing element to obtain a plurality of formation factors representative of the formation of the paper for each 
J/W ratio in accordance with a formation measuring method as claimed in any one of claims 1 to 3. thereby obtaining 
variation curves representative ot a relationship between the J/W ratio and the formation factors" then a plurality 
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of membership functions representative of the relationship between the J/W ratio and an estimated value are 
calculated based on each ol the variation curves; the membership lunations are overtapped with each other and 
only an overlapped portion thereof is adopted to obtain an overall membership function: a centre of gravity ot an 
area delined by the overall membership function is obtained to detine an optimum J/W ratio: the J/W ratio is con- 
trolled to be equal to the said optimum J/W ratio; in the same manner a plurality of foil angles are changed for 
initial drainage control, and a plurality of deflector pushing degrees and angles are changed tor finishing drainage 
control. 

11. A formation control method according to claim 7 wherein a range ot variation of control variables in the J/W ratio 
are set to large values for coarse control; and after the coarse control is completed: range of variation of each of 
the control variables is set to smaller v6Uues and fine control is performed in steps. 

12. A fornrwtton control method in a paper-making machine according to claim 8 wherein monitoring is started in a 
status where the formation is being stabilised in the control of the last stage. 

13. A formation control method in a paper-making machine according to any one of claims 7. 8 or 9 wherein a plurality 
of cameras (3-1,3-2) with different visual fields are arranged so that images of transmitted light from a light source 
on paper are caught by the cameras concurrently in wide and narrow visual fields and are introduced to the image 
processing computing element. 

Patentanspruche 

1. Verlahren zum Messen von Texturen, umfassend das Aufnehmen eines Bildes aus durchgelassenem Licht von 
einer Lichtquelle (2) auf einem Papierbereich (1 ) durch eine Kamera (3). um das Bild des durchgelassenen Lichtes 
auf einer Anzeigeeinheit (5.7) eines bildverarbeitenden Rechnerelementes anzuzeigen, das Aufteilen des Bildes 
des durchgelassenen Lichtes auf der Anzeigeeinheit in eine vorbestimmte Grofle und Anzahl von Fensiem, ge- 
kennzeichnet durch das Berechnen eines Durchschnittswertes der Intensitat und einer primaren Varianz der In- 
tensitat jedes Fensters aus der Intensitat jedes der Bildpunkte in jedem der Fenster, das Berechnen eines Durch- 
schnittswertes der primaren Varianz fur alle Fenster und einer sekundaren Nferianz dieser ersten Varianz fur atle 
Fenster und Verwendung der sekundaren Varianz fur alle Fenster als Texturtaktor. 

2. Vertahren zum Messen von Texturen, umfassend das Aufnehmen eines Bildes aus durchgelassenem Licht von 
einer Lichtquelle (2) auf einem Papierbereich (1 ) durch eine Kamera (3). um das Bild des durchgelassenen Lichtes 
auf einer Anzeigeeinheit (5,7) eines bildverarbeitenden Rechnerelementes anzuzeigen. das Aufteilen des Bildes 
des durchgelassenen Lichtes auf der Anzeigeeinheit in eine vorbestimmte Gr6(3e und Anzahl von Fensiem, ge- 
kennzeichnet durch das Berechnen eines Durchschnittswertes der Intensitat und einer primaren Varianz der In- 
tensitat jedes Fensters aus der Intensitat jedes der Bildpunkte in jedem der Fenster. das Berechnen eines Durch- 
schnittswertes der primaren Varianz fur alle Fenster und einer sekundaren Nferianz dieser ersten N^rianz fur alle 
Fenster und Verwendung eines Wertes Oder einer Kombination von mehreren aus dem Durchschnittswert der 
primaren Varianz fur alle Fenster, der Varianz der Durschniitswerte der Intensitat fur alle Fenster und der sekun- 
daren Varianz dieser primaren Varianz der Intensitat fur alle Fenster als Texturfaktor. 

3. Vertahren nach Anspruch 1 oder Anspruch 2, gekennzeichnet durch das automatische Wechsein einer Blende 
der Kamera (3) bei einer bestimmten Zeitspanne. um Werte einer Mehrzahl von Texturfaktoren bei jeder Blende 
2u erhallen. wodurch eine Variationskurve fur jeden der Texluriaktoren erhallen wird, das Berechnen einer Zuge- 
horigkeitsfunktion aus jeder der Variationskurven der Texturfaktoren. das Synthetisieren jeder der Zugehorigkeits- 
lunktionen, um ihren Schwerpunkt zu ermitteln^ wodurch eineoptimale Blende erhallen wird^ und das autonratische 
Einstellen der Blende der Kamera auf diese optimale Blende. 

4. Vertahren nach Anspruch 1 , 2 oder 3. dadurch gekennzeichnet, da8 die Lichtquelle ein Stroboskop umfaRt. . 

5. Vertahren zum Steuem von Texturen, gekennzeichnet durch 

das auf vorher durchgetuhne Experimente aufbauende Gewinnen einer Mehrzahl von Zugehorigkeitsfunkti- 
onskurven. um die Qualitat von Papier (1) in einer Mehrzahl von Kategorien von •schlechtesf bis 'bestens" 
entsprechend Texturfaktoren einzuordnen, und einer Mehrzahl von Zugehorigkeitsfunktionskurven zum Steu- 
em. die Veranderungen des J/W-VerhaltnisseS; des Folienwinkels und des Oeflektor-Druckgrades entspre- 
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Chen, 

das BestimrriGn des Ubereinstimmungsgrades bei Uborschneidungen derdurch die Vertahren nach Anspruch 
1, 2 cder 3 erhallenen Texturfaktoren mit jeaer der Zugehorigkeitsfunktionskurven, urn die Quauiai des Pa- 
pieres (1) zu bestimmen. 

das Ermittetn von Veranderungen der entsprechenden Zugehorigkeitsfunktionskurven, die Veranderungen 
des J/W-Verhahnisses anzeigen. in Ubereinsilmmung mit jedem der Grade von ubereinstimmenden Erg'eo- 
nissen der Veranderung des J/W-Verhaitnisses. 

dasJJberlapfje^^ der geschatzten Veranderung des J/W-Verhaitnisses. 

unn endguttige Zugehbrigkeitsfunktionen ziTfinderrWeridgutt 
des J/W-Verhaltnisses anzeigen, 

das Bestimmen der momentanen Veranderung das J/W-Verhaltnisses zum Steuem des J/W-Verhaitnisses 
basierend auf der endgultigen Zugehorigkeiisf unktion, 

das Wiederholen dieser Verfahrensschritte. bis keine Verringerung des Texturfaktors durch die wieaemotte 
Veranderung des J/W-Vertialtnisses sichtbar ist. und 

das Bestimmten des Folienwtnkels bzw. des Deflektor-Druckgrades zur Steuerung auf die gleiche Weise. 

Vertahren nach Anspruch 5. dadurch gekennzeichnet. dafl das Verfahren rterierl wird und daR die Zugchdrigketts- 
f unktion zur Steuerung abhangig davon gewahit wird. ob ern Unterschied zwischen dem Texturfaktor in einer letzien 
Kontrolle und der jetztigen Kontrolle positiv oder negativ ist. 

Verlahren zur Steuerung von Texturen. dadurch gekennzeichnet. daf3 betm Beginn der Messung die gesamte 
Textur durch Heben einer Kamera (3) entlang einer Schiene {3c) zum Erweitem des Sichtfeldes der Kamera be- 
trachtet wird. wobei das Sichtfeld der Kamera (3) dann durch Bewegen der Kamera entlang der Schiene (3c) nach 
unten allmahlich verringert wird. wenn die Textur verbessert wird. daft ein Steuerungsvertahren fur die Textur nach 
Anspruch 5 oder 6 verwendet wird, wobei die Kamera dann wieder angehoben wird. um zu dem ursprunglichen 
groBen Sichtfeld zum Oberwachen zuruckzukehren. wenn die Textur im wesentlichen stabilisiert und die Kontrolle 
fast beendet ist. 

Verlahren zur Steuerung von Texturen. dadurch gekennzeichnet. daft eine Mehrzahl von Kameras (S-l. 3-2) in 
unterschiedlichen Abstanden von dem Papier angeordnet sind, dafl zu Beginn der f^essung die gesamte Textur 
von einer der Kameras mit dem groBlen Blickfeld belrachtet wird. daG dann au( eine Kamera (3-2) mit einem 
engeren Sichtfeld umgeschaltet wird. wenn die Textur unler Venwendung eines Verfahrens zum Steuem von Tex- 
turen nach Anspruch 5 oder 6 verbessert wird. und dafJ zum Oberwachen zurOck auf die Kamera (3-1) mh dem 
groOten Sichtfeld umgeschaltet wird. wenn die Textur im wesentlichen stabilisiert und die Kontrolle weitgehend 
beendet ist. 



9. Verlahren nach Anspruch 5 oder 6, dadurch gekennzeichnet, dal3 die Dichte des Bildes tn lateraler Richtung fre- 
quenzanalysiert wird. um zu bestimmen. ob die Textur druckt Oder zieht. daB im Fall einer ziehenden Textur das 
J/W- Verhattnis erhohl, und im Fall einer druckenden Textur das J/W-Verhaltnis verringert wird. 

10. Verfahren zur Steuerung von Texturen. dadurch gekennzeichnet, daO bei einem J/W-Verhaltnis. das nacheinanaer 
verandert wird. eIn Biid von durchgelassenem Licht von einer Lichtquelle aut Papier (1) von einer Kamera (3) 
aufgenommen und in ein bildverarbeitendes Rechnerelement eingespeist wird, um entsprechend einem Verfahren 
zum Messen von Texturen nach einem der Anspruche 1 bis 3 eine Mehrzahl von Texturfaktoren zu erhalten. die 
die Textur des Papiers fur jedes J/W- Verhattnis wiedergeben. wodurch Variattonskurven erhalten werden, die einc 
Beziehung zwischen dem J/W-Verhaltnis und den Texturfaktoren darstellen. daf3 dann basierend auf jeder der 
Variaikjnskurven eine Mehrzahl von Zugehbrigkeitsfunktionen berechnet wird. die die Beziehung zwischen dem 
J/W-Verhattnis und einem geschatzten Wert darstellen. die Zugehbrigkeitsfunktionen gegenseitig uberlaopt wer- 
den und nur ein uberlappender Abschnltt davon zum Erreichen einer allgemeinen Zugehorigkeitsfunktion ubemom- 
men wird, da3 ein Schwerpunkt eines durch die ailgemeine Zugehbngkeitsf unktion bestimmten Bereiches ermitteit 
wird. um em optimales J/W-Verhaltnis zu definieren daf3 das JAW-Verhaltnis so gesteuert wird, dafi es gleich dem 
oplimalen J/W-Verhaltnis isl, da3 auf die selbe Weise zur anfanglichen Drainagesleuerung eine Mehrzahl von 
Fohenwinkeln verandert wird. und daB wird fur die Steuerung der Enddrainage eine Mehrzahl von Druckgraden 
und -winkein des Deflektors verandert wird. 

11. Verfahren nach Anspruch 7. dadurch gekennzeichnet. daB ein Vkriationsbereich von Steuervariablen im J/W- 
Verhaltnis fur die Grobsieuerung aut groBe Wene gesetzt wird und der Veriationsbereich jeder der Steuen^ariablen 
auf kleinere Wene geselzt wird, nachdem die Grobsteuemg beendet ist, und daB die Feinsteuerung in Schritten 
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durctigeluhn wird. 

12. Verlahren zur Steuemg von Texturen in einer Papiemiaschtne nach Anspruch 8. dadurch gekennzeichnet. daO 
das Uberwachen in einem Zustand begonnen wird, in dem die Textur in der Steuemg der leUten Stule stabilisien 
wird. 

1 3. Verlahren nach einem der Anspruche 7. a Oder 9. dadurch gekennzeichnet. daG eine Mehrzahl von Kameras (3-1 . 
3-2) mit umerschiedlichen Sichttetdem soangeortinet sind. daO die Bilder des durchgeiassenen Lichles von einer 
Lichtquelle auf Papier durch die Kameras gleichzenig in brerten und engen Blickfeldem autgenommen und dem 
bildverarbeitenden Rechnerelement zugefuhrt werden. 



Revendlcatlons 

1 . Precede de mesure de ta texture ou fornr^tion de la teuille comprenanl la detection d'une image do lumiere trans- 
mise depuis une source da lumiere (2) sur una zone de papier (1 ) par une camera (3) afin d'afficher I'image de la 
lumiere transmise sur une unitd d-affichage (5. 7) d*un 6l6ment de calculateur de trattement d'image. le partage 
de rimage de la lumiere transmise sur I'unite d'affichage en un format et un nombre de lenelres pred6lermines. 
caraci6ris6 par le calcul tfune valeur moyenne d'intensit6 et d'une variance principale de I'tntensit6 de chaque 
tenStre d partir de rinlensit6 de chacun des pixels dans chacune des fenfitres. le calcul d'une valeur rrwyenne de 
la variance principale pour la totalrte des tenetres et d'une variance secondaire de ladite variance principale pour 
la totalite des fenetres. el I'utilisatkjn de la variance secondaire pour latotallle des fendtres en tant que lacteur de 
texture ou formation. 

2. Proced6 de mesure de la texture ou formation de la teuille comprenanl la detection d'une image de lumiere trans- 
mise k panir d'une source de lumifere (2) sur une zone de papier (1) par une cam6ra (3) afin d'afficher I'image de 
la lumiere transmise sur une unit6 d'affichage (5. 7) tfun 6l6ment de calculateur de traltement d'image, le partage 
de I'image de lumiere transmise sur {'unite d'affichage en un fonmat et un nombre de fenetres predetermines, 
caracierise par le calcul d'une valeur moyenne d'intensite et d'une variance principale de I'intensite de chaque 
fenetre a partir de I'intensitd de chacun des pixels dans chacune des fenetres. le calcul tfune valeur moyenne de 
la variance principale pour la totalite des fenStres et d'une variance secondaire de ladite variance principale pour 
la totalite des fenetres. et rutilisation en tant que facteur de texture ou formation de Tune, ou de deux ou davantage 
en combinaison. de la valeur moyenne de la variance principale pour la totality des fenfitres. de la variance des 
valeurs moyennes d'intensit6 pour chaque fenfitre et de la variance secondaire de ladite variance principale d'in- 
tensite de la totalite des fenetres. 

3. Precede de mesure de la texture ou formation de la f euille selon la revendication 1 ou la revendication 2, caracterise 
par une modification automatique d'une ouverture de la camera (3) ^ intervalles pred6termines afin d'obtenir des 
valeurs d'une pluralite de facteurs de texture ou formation pour chaque ouverture, en obtenant ainsi une courbe 
de variation de chacun des facteurs de texture ou formatbn. le calcul d'une fonction d'apparlenance d partir de 
chacune des courbes de variation des facteurs de texture ou formation, la synthase de chacune des fonctions 
d'appartenance afin d'obtenir un centre de gravite de celles-ci. en obtenant ainsi une ouverture optimum, et en 
regtant automatiquement I'ouverture de la camera a ladite ouverture optimum. 

4. Precede de mesure de ta texture ou formation de la feuille seton la revendication 1 , 2 ou 3 dans lequel la source 
de lumiere (2) comprend un stroboscope. 

5. Proc6d6 de commande de la formation de la feuille caract6ris6 par robiention, sur la base d'experimentations 
effectuees a I'avance. d'une pluralite de courbes de fonctbn d'appartenance afin de caracteriser la qualite du 
papier (1 ) dans une pluralite de cat6gones allani de 'ta plus mauvaise' & 'la meilleure". conespondant aux facteurs 
de texture ou formatbn. et d'une plurality de courbes de fonction d'appartenance pour ta commande correspondant 
a des variations du rapport J/T, de Tangle d'ailette et du degre de poussee du deflecteur ta d6terminat»on du degre 
d'adaptation au niveau des intersections des facteurs de texture ou formation obtenus par le proced6 de mesure 
de ta texture ou formation de la feuille selon la revendication 1, 2 ou 3 avec chacune des courbes de fonction 
d'appartenance afin de specifier la qualite du papier (1 ), I'obtenlion, en correspondance avec chacun des degres 
d'adaptation. de resurtats des variations du rapport J/T a partir des courbes de fonction d'appartenance respeciives 
represeniani les variations du rapport J/T. la superposition et la synthese des resultats de la variation estimee du 
rapport J/T afin de trouver tes fonctions d'appartenance finales repr6sentant les resultats estim6s finaux de la 
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variation du rapport J/T. la determination de la variation reelle du rapport JfT pour la commande du rapport J/T sur 
la base de la fonction d'appartenance finale, la repetition de ces procedures jusqu'^ ce qu'aucune decroissance 
du facteur de texture ou formation ne soit observee par ta variation r6petee du rapport J/T, et la ddterminaiion de 
la commande de I'angle d'ailette et du degr6 de poussee du ddflecteur. respectivement. de la meme maniere. 

Proc6d6 de commande de la texture ou formation de la feuille selon la revendication 5. le proc6d6 6tant it6r6 et 
dans lequel la fonction d'appanenance de commande est selectionnee seion qu'une difference entre le facteur de 
JexTure ou formation dans une demiere commande et le facteur de texture ou formation dans une commande en 
cours, est posrtive ou negative^^ — 



10. 



Precede de commande de la formation de la feuille caract6ris6 en ce qu'au d6but de la mesure la texture ou 
formation de la feuille entiere est observee en elevant une camera (3) le long d'un rail (3c) afin d'elargir le chamo 
de vision de la camera, le champ de vision de la camera (3) 6tant alors progressivement r6tr6ci en d^oiacani ia 
camera (3) vers le bas le long du rail (3(c) a mesure que la texture ou formation de la feuille est ameiioree ' en ce 
que ron utilise un precede de commande de ia formation de la feuille selon la revendication 5 ou la revendication 
6. la camera (3) etant alors elevee a nouvaau pour revenir au grand champ de vision initial afin de surveilier lorsque 
la texture ou fomnation de la feuille est pratiquement stabilisee et que la commande est presque achevee. 

Proc6d6 de commande de la formation de la feuille caract6ris6 en ce qu'une pluralit6 de cameras (3-1 3-2) sont 
agenc6es k des distances diff6rentes du papier, en ce qu'au d6but de la mesure. la texture ou formation de ta 
leuille enttere est observes par fune des cameras (3-1 ) avec un champ de vision plus large, en ce que I'on passe 
alors a une camera (3-2) avec un champ de vision plus etroit ^ mesure que la texture ou formation de la feuille 
s amehore en util.sant un procede de commande de la formation de la feuille selon la revendication 5 ou la reven- 
dication 6. et en ce que l*on revient ^ la camera (3-1 ) pr6sentan1 le champ de visbn te plus large pour ia surveillance 
lorsque ta texture ou fomnation de ia feuille est pratiquement stabilisee et que la commande est presque achevee. 

Proc6d6 de commande de la formation de la feuille selon la revendication 5 ou 6. caract6ris6 en ce que la density 
de nmage dans un sens lateral est analysde en frequence afin de determiner si la texture ou formation de la feuille 
est en etirement ou en compression, dans le cas d'une texture ou formation de la feuille en etirement. le rapport 
Jrr est augmente. et dans le cas d'une texture ou f omnation de la teuille en compression, le rapport J/T est diminue. 

Procedd de commande de la formation de la feuille caraclerise en ce que. en modifiant en sequence le rapport J/ 
T une image de la Iumi6re transmise depuis une source de Iumi6re sur du papier (1) est d6tect6e par une camera 
(3) et est introduite dans un 6l6ment de calculateur de traitement d'image afin d'obtenir une pluratit6 de facteurs 
de texture ou fonmation representatifs de la texture ou formation de la feuille du papier pour chaque rapport J/T 
conformement a un procede de mesure de la texture ou formation de la feuille selon I'une quelconque des reven- 
dications 1 a 3. en obtenant ainst des courbes de variation representatives d'une relation entre le rapport J.T et 
tes facteurs de texture ou formation, puis. I'on calcule une pluralile de lonctions d'appartenance representatives 
de la relation entre le rapport J/T et une valeur estimee sur la base de chacune des courbes de variation les 
lonctions d'appartenance sont superpos6es I'une k I'autre et seule une panie en superposition de celles<i est 
retenue pour obtenir une fonction d'appartenance globale, un centre de gravit6 d'une zone d6finie par la fonction 
d appartenance globale est obienu afin de definir un rapport JfT optimum, le rapport J/T est commande de facon 
qu'il sort 6gal audit rapport JfT optimum, de la meme maniere. une pluralite d'angles d'ailettes sont modifies pour 
la commande de I'extraction initiale. et une pluralite de degres de poussee de deflecteur et d'angles de deflecteur 
•f^ sont modifies pour la commande de I'extraction de finition. 

11. Proced6 de commande de la formation de la feuille selon la revendication 7 dans lequel une plage de variation 
des variables de commande du rapport J/T est 6lablie k des vaieurs plus grandes pour la commande approch6e 
ei apres que la commande approchee soit achevee, la plage de variation de chacune des variables de commanae 
est etablie a des vaieurs plus peiites et une commande fine est effectuee par etapes. 

12. Procede de commande de la formation de la feuille dans une machine a papier selon la revendication 8 dans 
lequel la suweillance est commencee dans un etat dans lequel la texture ou formation de ta feuille est stabilisee 
dans la commande du dernier stade. 

ss 

13. Procede de commande de la formation de la feuille dans une machine a papier selon I'une quelconque des re- 
vendications 7. 6 ou 9, dans lequel une pluralite de cameras (3-1 . 3-2) avec des champs de vision differents som 
agencees de sorte que des images de lumiere transmise depuis une source de lumiere sur du papier sont captees 
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par iQs cameras stmullanemenl dans des champs de vision targe et etroil et sont tntroduites dans i'elemem de 
calculateur de traftemem tftmage. 
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